Introduction
Gaucher's disease is the most common known lysosomal sphingolipid storage disorder. It is due to reduced or deficient lysosomal glucocerebrosidase (b-glucosidase) activity, which leads to storage of glucocerebroside within lysosomes. 1 The clinical presentation of the disorder is extremely heterogeneous and for convenience is divided into three subtypes. Type I or non-neuronopathic Gaucher's disease occurs at the highest frequency among the Ashkenazi Jewish community. It is characterised by hepatosplenomegaly, haematological abnormalities and bone disease, but central nervous system involvement is absent. 2 Type III or subacute neuronopathic Gaucher's disease has a variable spectrum of symptoms but neurological deterioration is less rapid than in acute Type II disease. 3 Type II or acute neuronopathic Gaucher's disease presents with earlyonset severe neurological deterioration and gross organomegaly. Death usually occurs before 2 years of age. A subgroup of Type II, the perinatal lethal form, is associated with ichthyosis, the collodion baby syndrome, neonatal death or hydrops fetalis and death in utero. 4 -7 It is thought that this subgroup is associated with a complete lack of functional enzyme, often the result of a combination of null alleles at the molecular level. 6 -8 We report a family with three fetuses affected by the most severe form of Type II disease presenting with hydrops fetalis and intrauterine death. The underlying genetic lesion was a homozygous loss of the second cysteine residue in the glucocerebrosidase protein (C16S). This appears to have a severe effect on the tertiary structure of the enzyme protein resulting in the absence of any functional enzyme.
Materials and methods
Pathology specimens were obtained at postmortem examination of the second hydropic fetus. Genomic DNA was isolated for the proband from cultured amniocytes and for the parents from peripheral blood leucocytes by standard laboratory procedures. The entire coding region of the glucocerebrosidase gene was amplified by PCR using primers and conditions shown in Table 1 or previously described. 9 Each exon was sequenced using an ABI prism 377 sequencer and the dRhodamine sequencing kit (Applied Biosystems, Warrington, UK) according to the manufacturer's instructions as previously described. 9 Case report
Mr and Mrs R are full first cousins with their mothers being sisters, and are of Pakistani origin. The family pedigree is shown in Figure 1 . There was no family history of note and in particular there was no history of intrauterine or neonatal death. Their first pregnancy resulted in the birth of a healthy daughter who is now aged 8 years. In the second pregnancy, there was an intrauterine death at 26 weeks gestation. The baby was noted to have a birth weight of 1670 g, which at 26 weeks is strongly suggestive of the presence of fetal hydrops. We have no other details of this pregnancy. In the third pregnancy, there was a spontaneous abortion at 8 weeks. The fourth pregnancy initially appeared to be progressing normally, although the mother did comment that she felt fetal movement was somewhat reduced. An ultrasound scan at 30 weeks showed the presence of fetal hydrops and fetal bradycardia. An emergency caesarean section was performed and a markedly hydropic baby girl was delivered. Unfortunately, she could not be resuscitated and subsequently died. Blood was taken at birth for virology and viral titres were negative. Chromosome analysis showed the baby to have a normal 46,XX karyotype and haemoglobin electrophoresis excluded thalassaemias known to be associated with hydrops. A post mortem carried out on this baby showed her to be a fresh stillbirth with a weight of 1768 g. There was marked fetal hydrops with a pericardial effusion, a small amount of ascites, marked hepatosplenomegaly and an enlarged, dilated, flabby heart weighing 13.8 g (expected weight 772.8 g). The placenta was massively enlarged weighing 640 g. It was also noted to be oedematous and friable. Histological examination of the thymus showed massive replacement of the thymic medulla and cortex by large cells with abundant pale eosinophilic cytoplasm and peripheral nuclei (Figure 2) . The cytoplasm had a rather Figure 1 Family pedigree.
granular appearance and the appearances were compatible with the presence of Gaucher cells. Histology of the spleen showed congestion and sheets of Gaucher cells, which virtually obliterated the underlying normal structure. Gaucher cell infiltration was also found within the heart muscle, the lungs and liver. The bone marrow also showed extensive replacement by sheets of Gaucher cells. A fibroblast culture was set up from skin and a deficiency of glucocerebrosidase (b-glucosidase) was found confirming the diagnosis of Gaucher's disease. In the fifth pregnancy, an amniocentesis was carried out at 13 weeks gestation. This showed a marked deficiency of b-glucosidase activity with a level of 2 nmol/mg/h (control 55, residual activity 3.6% of control activity), suggesting the fetus to be affected by Gaucher's disease. Further DNA analysis of the amniocytes showed the baby to be homozygous for the point mutation C16S, which occurs in exon 3 of the glucocerebrosidase gene and results in a cysteine being substituted by a serine. No other sequence changes were detected. Subsequent DNA analysis showed both the parents to be heterozygous for the point mutation C16S. The grandmothers are also assumed to be carriers, but this has not been shown.
Although the parents knew that the outlook for this baby was extremely poor, they elected to continue with the pregnancy. The pregnancy was monitored by ultrasound scan. At 33 weeks gestation, the mother reported feeling little fetal movement for the previous 3 days and an ultrasound scan showed that there had been an intrauterine death. Labour was induced and she delivered a stillborn female infant weighing 2.9 kg. No postmortem examination was performed.
In summary, this couple who are both carriers of the C16S mutation have had five pregnancies in total resulting in one healthy living daughter. In addition, they have had one early miscarriage and three stillborn infants with severe hydrops fetalis.
Discussion
This case report has identified a genotype of homozygous C16S in a perinatal lethal case of Gaucher's disease. This extreme manifestation of Gaucher's disease may be expected to be associated with zero enzyme activity. Previous reported cases of hydrops in Gaucher's disease have shown a prevalence of homozygosity for recombinant alleles and null mutations where the genotype would be expected to result in zero enzyme activity. 6, 7 The case presented in this study has shown a null phenotype as a result of homozygosity for a missense mutation, an observation that has been previously reported once where homozygosity for the missense mutation H311R also resulted in a hydrops phenotype. 4, 6 These cases demonstrate that missense mutations can give rise to null phenotypes. The loss of a cysteine has previously been observed in the missense mutation C342G, which resulted in a Type II phenotype in combination with G325R. 10 We have previously reported C16S in combination with D409H, which resulted in a severe Type II/III phenotype. 11 The missense mutation C16S (TGT4TCT) converts the second cysteine in exon 3 to a serine residue. It would be predicted to disrupt the first disulphide bond within domain 1 of the X-ray structure of the glucocerebrosidase molecule, 12 thought to be required for correct protein folding. This would be predicted to destroy enzyme activity. The case presented in this study has demonstrated that C16S in its homozygous state results in the most severe hydrops presentation of Gaucher's disease. Our previous report suggested that C16S is a severe mutation, as in combination with D409H usually associated with Type III disease it resulted in a more severe Type II/III phenotype. 11 These in vivo observations are consistent with site-directed mutagenesis, which has shown that all cysteines except for C126 are necessary for enzyme activity. 13 It has been suggested that the true incidence of perinatal lethal Gaucher's disease may be underestimated due to misclassification as hydrops of unknown cause. 4 A recent review of perinatal Gaucher's disease supports this suggestion, finding 56% of cases studied presented with nonimmune hydrops fetalis. 7 This case study is further demonstration of the importance of considering Gaucher's disease in the differential diagnosis of fetal hydrops. The C16S mutation has to date been reported in families of Pakistani origin and it may be that this mutation has arisen in the Asian population. 
